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-=-* / r- 7i l) ~ 9''; \J -\ =r 0) -1 J -T1:!rnti C::; .:L t) .:c /:; ~ 9''1:~t1 -- ~ ~ ti ~ 
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jiH i~ ~ g ;t -c J:. < 1* ff ~ ;h -c :to 9 , &:' "9 G t ~ ~ 83 * 0) tfJT Jl rs, 0) ts IPJ ttiJ':~ 
~ 83*0) tfJT Jl rs, O);f§ FPJtt J:. 9 t rro ~'I c 'i § ;t fJ ~ ,_::_ c iJ"biJ\ .:50 -=- 0)-=- c t' 
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:i:Et-yJ;tJ ~ ~: 93 *"9 .:5 c ~ '-5 ~ ;t ~ 5(f$j G -c ~'.:5o 
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:,; 7·· c 7 7 T"J 7 t:'-rf*~ t__, t.:.1 '-I< f- -c· t ~ tB ~ h .:5 0) -r cf1) 0 -5 iO\ a -f G -c i t.:., 
:; .::L ry -t :,--:;:,; 7··~trnfl e: -1; -T~trnf~c· ,-.t~ < ~ l::-7-1' 7--;<:.,; J-:'iO"~ili ~ 
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7~5 /t:~rr~'*~-tt, 32 PC'5"';l!L,t.:pYS135tflfJl cl'--17 .. 1) 7''-1 .A'~-ttt.:.o 
-tO)ff.55fb, 7-1'7--;<:,-- F'i-=-* / 1---JfiJ :,;7··;v'\'f-0)-1 J -r·~:@tic:; .::L r) 
-t :,--:; "S/ 7''t:Etrnfl t-=· ~ r -r~ tB ~ n .:5 :: c tf·51-1J' "? t.:. (~3-3-8) o -=. 0)-::. c tJ\ G, 
JE1!f fJ fj-~ i)\fJ ~ (L l ~ 'fJ ~' 1) 3 r) J. / "S/ !/' C 7 7 T"J 7 t:'C'1*~ ~ (L f.:/ '- 1 -\ T 
'i, .=. * :,-- r- 7f lJ "S/ 7··~ '-1 < f- e: ~ '-5 J:. 9 , :,; "S/ tf "S/ 7 1 \/ < 1-0) t:E:@t=~-r:· cf1) :5 PJ 
fi~ttiJ"~i i "? t.:. 0 ~ G ~=' -1 J T ~:@fm c :; .::L r) -t / :; :,; 7''~Jrnt~-r t I"/ ]-:' 
O)y -1 .A'iJ"~~!P ~::@ / -c ~ '.:5:: c ;0\51-iJ' "? t.:. (~3-3-8) o "9tJb 't), -1 J -T~ 
:@~ J: ~ :./ .::L r) .:f:- / :/ :_,; 7'''~:@~ 0)1-\ / J-:' 0) }J;lj\~fj-1]\ ~ ~ 'o 
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~~~, ~J~~~~~~a~~~~~~~Y~-~~7~~-/{~~~ 
7 o --=- ~ ~~i' t---, iiif~~cJIJiRf£~rr""J t:.. (~3-3-9) o ~; ~~£Jrn~ru*~4~J1 
(PP 1, 10, A, C) Lt~-c, pYS 7 7 ~ 1) -~ :J ~-1? ~~ -A~cJIJ (267 bp) ~S'{lllj 
c~§~tt~~ t.--t:.. (~3-3-9, 1o) 0 ~:JJ, ~ ~ ~~ ~ ~::;7·-~~t~83*~4~J1 
(PT 2, 7, 35, 74) ~ ~ t), PT 7~~ < 3~Jl,i, 3'{JlU c~§~·jj:~IJ' Gt:.. (~3-3-
9, 10) o ~ J 7~!t!HI83*~4~~t!fft1~~-:&,i:lf:iSJ166 bp, ~ ~ ~.:c ~ ~ ~_yr 
~~~ 83 *0)4~0)t¥JTJ1 ~, :1 ~-1? ~~ -Are71JOJ3' {llU c~§~tt~IJ'-t3~0)t¥JTJ1 
OJm:&,i3f:i5J146 bp~J;) ""? t:..o ~ 0)~ J -T~~~tf)TJl c ~ ~ r.l~ ~ ~ ~y-··~~ 
~tffft10)rs9~1J.G:h~, 20 bpOJ~*OJ:ii~\'i, ~3-3-Bc·lJ.G:ht:..~ J~~~ 
~e: ~ ~ ~ ~ ~ :?:/9··~~~~?~ ~-/{~ J-:'O)$JJJlt~Ji~\~maJ3 t----c~\ ~0 
J§lHJT G t:.. t¥JT t1 OJ~ib"Y tJ < , lifT§ -9 ~:: c 'i C'~ tJ ~ \iJ", ~ J -T~~flC' 'i 
P ys 7 7 ~ 1J - 0) :1 ~ -1? ~-if .A ~c7U 0) s '{Ilfl 166 bp ~ 1£* .:L .. ::. '/ r- e: -t ~ ~ L- ~ \ 
~tlreJ!JiJ-<, ~ t:.. ~ ~ ~ ~ ~:; ~ y---~~~-c·,J:3'1Jl1J146 bp~t£*.:1-=- ") r e:-t 
~--- JJUOJtlT G~\~1l~c71JiJ'~nX:~ :h~~J;)~ ~ ~ ~~ ~o b G:::hiJ'-~tJ G, 
[ilij~~~O)? ~ ~-/ { ~ r:·t¥Jr 11 16"31:~-t ~ ftj[[~::~~~tmti~ :b ~tu~N.M~~ m 
~\-c, ~-+f'~Mtff~IT~ ~ cc·, t1HN.M~t¥Jrt1*$~ (RFLP; Restriction 
Fragment Length Polymorphism) ~~tHe'~~ XJ\ b G:hfJ. ~ \o 
~:: C', ~ J -T~~~~c:t.a:? ~ ~-E~ ~~~~O)fj' J LDNA~, ~3-3-
10,:7F G t.: ~ -j tJ 4fl~O) tiHHM~, Dral, Sau3AI, TthHBBI., AluiC'i~1~ G, 
pYS135tf}f}lc/\~ 7~1) 9··~ ;<~-ttt:..o ~O){ffi:W=, ~3-3-1H:~Gt:..J: ~ ~::, ~ 
j_ ~ .:c ~ ~ :/ 9··~~~tc~j ':: tH~-9 ~/',. ~ J-:' iJ"~tfi ~ :hf:..o 
~~ ,;: , ~ JIJ ~ ~ ~ {l~[,jlj 'i:ii1~ Et-] ~:: t:p }I C', ftB 0) DNA~~~:: .it« 'l ti ~ 
-cJJB < ~1~ -c·~ {, 0 Gt:..ib" "') -c, !iliJ~~~,i~n..f·n,::~~(f)tJ&Ji@cJIJ~ .it 
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j_ ~ .:c ~ ~ :/ 7--~~~-ctfr L- < ~nt~ n ~~~ ~&1l!!1ic71JOJI(f) · ji(f) tJ~1~ 


















"'C 0 0 
ca ca c: 
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~ 3-3-2 -tj- 1f' / l \ 1 7' 1) 9 1 -ti - ~ 3 / t: J: ~ -= * / b- jj' I) ~ 9 
; \ ; \ 7- 0) ~_;- ~ r) -t / :;· ~ 9 ~ l~ f1 0) p Y s 7 7' 2. 1) - 0) ~ 8:1 
EcoRI, Sacl, Sau3Ail'5W{t~t.:..=.*/ f-.:fj' 1J ::/:;11\J\-f-O)V~r).:C/V::/::1~~-fiO) 
DNA ~ 0.7% 7 h o - ~ -7 J v l' 71' iOO ~ , 7 1 0 / ;!. / 7 7 / ': n rr ~.g. ~ it t.: ~ , 




PT354 87.6 91.4 
PT366 87 .3 90.6 91 .4 
PT389 86 .2 89.9 89.6 94 .0 
pp B 89 . 1 91.6 91 .4 90.2 90 .2 
pp 0 86 .0 87 .8 88.1 88.0 88.0 85 .4 
Hm 9 86 . 6 90 . 1 89.6 91.0 91.0 89.5 94.2 
Hm12 85.1 89.4 87 .3 87.6 87.6 90.2 91.8 90.2 
~3-3-3 .::*:.,... f-.ii''J ~-://\l\=f-0)1./7'1:.1!UI(PP)t:J:J..rJ-l:/:J~-:/1:.®~(PT), 
~ ~ t.f ~ 7 I \1 \ =f- ( H Sa) , ~ 'r ~ -:/I\ I\ =f- ( H m) IJ' ? ~--~ ~ lt t.: p Y S 7 'P ~ ') - ;1. / I\ -
















































10 20 30 40 50 60 AATT-C AATT ATTTATTGAT -AAAAAACAA ATTGAAAAAA AAAAAAAAAA AAAAAAAAAA 
****-***** ********** -********* ********** ********** ********** 
****-****C ********** -G******** **-----*** *G******** ********** 
****-****A *C******** -********* **---***** ****T***** TG*******T 
****-****A *C******** -********* ** ___ ***** ****T***** TG*******T 
****-***** *******A** -G******** *** _______ ******T*T* ****TG**** 
****C*G*** ********** -G******** iit------- ********** ********** 
****-****A *C******** A*******G* ***------- --G******* ********** 
****-****A *C******** -********* ***------- ********** ********** 
****-***** *******A** -ttC****** *** _______ --******** ********** 
70 80 90 , 00 , , 0 120 
AAAAGAAAAA AAATTGTTGT TTTTTGATTT ATCTCGGAAA CGGTAGCGAA TATGGACAAA 
***------- -----***** ****CA**** ********** ********** A**A****G* 
****A***** ***--***** ********** ******A*** ********** ***A****** TT*******- -----***** ****C***** **T*T***** ********** ***A****** TT*******- -----***** ****C***** **T*T***** ********** ***A****** 
***TTT**** ***--***** ****C***** **T*T***** ********** ***A****** 
****------ -----***** ********** ********** ********** ***A****** 
ttti-- ---- -----***** ********** ***CT***** ********** -tCA****** 
****------ ------**** ********** ********** ********** ***AA***** 
itii------ -----***** ****A***** ********** ********** ***A****** 
130 140 150 160 170 180 
ATAACGTTTT TTTGTAATTA TTTCGTCTCC AGCACGTCTG AAAATCAAAA ACACGATTTT 
********** tCC**G**C* **C******* ********** ********** ********** 
********** *****G**C* **C*****T* *******T** ********** ********** 
********** tttttGttCt **G******* ********** ********** ********** 
********** *****G**C* **G******* ********** ********** ********** 
********** *****G**C* **C******* ********** ********** *A******** 
********** *****G**C* **C******* ********** ********** ********** 
********** *****G**C* **G******* ********** ********** ********** 
**G******* *****G**C* **C******* ********** *T******** ********** 
********** **C**G**** **G******* **T******* ********** ********** 
190 200 210 220 230 240 
AAATATGGAA ATTACAATCT TTCGTATTTC GAGCTCTTTT TCGTGTTTCC TGTGGAAAGA 
*****C**** ***C****** ********AT ********** ********** ***C*G**A* 
********** ********** *G******AT ********C* ********** ***C*G**** 
********** ********** ********AT ********** ********** ***C*G**A* G********* ********** ******A*AT ********** ********** ***G*G**** 
********** ********** A*******CT ********** ***AC***T* ***C****A* 
********** G********* ********AT ********** ********** ***C*G**** 
********** **C*G***** ********AT *****T**C* ********** ***C*G**** 
********** ********** ********AT ********** ********T* ***CA***** 
********** **C******* **T*****AT ********** ***ACG**T* ***G****** 
250 260 270 
AATCAACCTC AACCGTAATT GTAATTAGGA ATCCTGG 
********** ********** *G***G*AA* ***G*** 
********** ********** *G***G**A* ***G*** 
********** ********** tGtttG**A* ***A*A* 
********** ********** tGtttGttAt ***G*A* 
********** ********** *G***G**A* ***G*** 
********** ********** *G***G**A* ***G*A* 
********** ********** *A***G**A* ***G*** 
********** ********** *G***G**A* ***G*** 
********** ********** *G***G**A* ***G*** 
1813-3-4 = * / ~ tf 1) :_.,., $1" ~~ 7- (J) 1' J -T ~ ~ ll ( PP) c :.J .::t ? -E / :.J 
:_.,., $1' ~ ~ l1 ( P T) , ~ ~ tf ~ 7 1\ 1 ~ 7- ( H sa) , ~ 'r ~ $1' 1 \ 1 ~ 7- ( H m ) tJ' 6 !j! 





H. japo. H. sasa. H. mino. 
I I I I I 
<2: - <2: <2: a:: __ M_O::_ M_O:: M 
00 m~:::l oom:::l:::loum:::l"S 
o m '- '"' - o m """ m - 0 m """ m -UJ (/) 0 (/) <2: UJ (/) 0 (/) <2: UJ (/) 0 (/) <2: 
~ 3- 3 -5 1f -if / I \ 1' j ' 1) ~j' -{ -tt - -:/ 3 / ': J: ~ .=_ * / ~ jj' 1) -:/ 9· 
; \ !'\' 7- 0) 1' .J -T ~ i~ li , -:/ -:/ ff -:/ 7 ; \ ; '; 7- , -:/ 7 -:/ ~i ; \ ; \' 7- 0) p y s 
7 )7 -2_ I) - 0)~ t:fJ 
EcoRI, Sacl , Oral, s_au3AI, Alul-r5~{t~f.:.g.l\l\7-f.IO)DNA~0 . 7%J7i.fD-.::\ -711/C' 







~ 3- 3-6 -+j- -if / I \ 1 j ' I) 5 1 {{ - ~ 3 / '= J: .Q -= * / r- jj' I) ~ 9· 
/ \ / \ =f- {j) 1 / T :£ i~ ~ t ~ ~ jj' ~ 7 / \ / \' =f- 0) p y s 7 7 ~ 1) - {j) ~ t±:l 
EcoRI, Sacl, Oral, Sau3AI, A/ull'5lHt~t.:fifi.il\l\7fiO)DNA~1.0%7ii"D-A-7JL-l' 






0 a. 0 ctS 





ctS -(/) <( 
~ 3- 3-7 -tf -if / ; \ 1 7· 1) 5i' 1 -t{ - ~ 3 / t: J: .Q ~ 'T ~ ·:i; \ ; \ =f-
O)pYS 7 7 2. 1)- 0)~ t:8 
EcoRI, Sspl, Sacl, Oral, Sau3AI, Alul-r~~{tL.,f.:YTY)f/\!\rDNA~1 . 0% 
T H lJ - .:;z Jj Jv -z; -5t @1 L.,, 7- 1' D / 1- / 7 7 / t: ~ rr*1:i .g. C: -tt f.: f~, p YS 1 35 mf ~ t 
I \ -{ 7· 1) 9 -{ .:;z' C: -tt f.: o 
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en 
en ~ r:::: 
Q) (1) Q) ,).. 
0 0 E :u ,\ ct3 ct3 ct3 
'-
),.. >o I I lf'\ ~ a. 1- ct3 
a. a. en [:\ {) ct3 
·- ·-
en ty m 
. 




~3-3-8 -tt -tf /I\ 1 j" 1) :/1 if- ~ 3 / ': J: ~ .=. * / f- jj' 1) ~ :f 
I\ 1\ =f- (}) 1 ./ T'~fmfi(PP-race) C :/ ~ r] -t / :/" ~ :1 ~~fi(PT -race), 
~ ~ jj" ~ 7 I\ I\ =f- , -'} ? r"} 7 l:: C 1) 3 rJ ;1. / ~ :f ""(' 1*~ ~ h fc. I\ I\ =f- (}) 
pYS 7 7 ~ 1)- (J)~lli 
E coR I (' ~~ { t l.t f.: s I \ I\ 7- {I 0) D N A i: 2. 0% 7 :H D - .A If J v l" -5t @i ~ , -j- 1 D / 
;1. :.--7 7 :..-- t: f~rr~~ ~ -tt t.: ut- pYS13sWT J:t c /\1 7· 'J ~ 1 .A'~ -tt f.: 0 
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1 0 20 30 40 50 60 CON . MTTCAATTA TTTATTGATA MAMC=~~==~AMT T-----~=MMMAAA MMMAMA MMMAMA 
PP 1 ********A* C********G ******=======**** *AAAAAAA********* ********** ********** PP 10 ******TCA* C********* ******AGATGAA***A A=======********* ********** ********** PP A ********** C********* ******=======**** i =======-------ii ********** **G******* PP C ********A* C********* ******=======**** *=======G******** ********** ********** PT 7 ********** **A***A*** ***G**=======**** *=======G**GG***T *****TT*** ****TTT*** PT 2 PT 35 PT 74 
70 80 90 100 110 120 
CON. GAAAAGTTGT TTTTCGATTT ATCTCGGAM CGGTAGCGAA TATAGACAM ATAACGTTTT 
PP 1 A********* ****T***** ********** *******T** *******G** **G**A**** PP 10 A********* ****T***** ********** *******T** ***G***G** ********** PP A A********* ****T***** ********** *******A** ********** ********** PP C -********* *C**T***** *******G** ********** ***G****** ********** PT 7 -********* ***A****** **T******* ********** ********** ********** PT 2 ** *TC******* ********C* PT 35 PT 74 
130 140 150 160 170 180 
CON. TTTGTGATCA TTCCGTCTCC AGCACGTCTG AAAATCAAAA ACACGATTTT AAATATGGAA 
PP 1 **C******* ********** ********** *****T**** ***** PP 10 **C******* **T******* ********** *****T*G** ***** PP A *****C**** ********** ********** ********** *T******** ******** PP C **C*****T* ********** ********** G PT 7 **C******* ***T****** ********** ***C****** ***** PT 2 A* ********** ********** ****A***** ********** ********** PT 35 **C******* ********** ***C****** ********** ********** ********** PT 74 A* ********** ********** ********** ********** ********** 
190 200 210 220 230 240 




pp c PT 7 
PT 2 ********** ********** ********A* ********** ********** ********** PT 35 ********** ********** ********** ********** *****G**** ********** PT 74 ********** ********** ********** ********** *****G**** ********** 
250 260 
CON. AACCGTAATT GGAATGAGAA ATCGTGG pp 1 
pp 10 
pp A 
pp c PT 7 
PT 2 ********** ********** ******* PT 35 *******G** ******** PT 74 ********** ********** ******* 
(813-3-9 =*/ 1--ti'J ~9'1\1'\=f-~1 /-T~~~(PP)EJ:r!;J.:J.?-=f-/;J~->' 
~~fi(PT)iJ' ~!i!~c! :ht~ Y' 1'-;-- ~J;-~~~~91J 
con.!;tpYS-:7 7 ~I) -~~*.:J..= ·:; t-- ~:::J /-t!/-if.A~91J~~T. 
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Sau3AI Oral Alul TthHBBI 
I I I I 
bp 
172 bp 
pp A 171 bp 
pp c 
PT 7 164 bp 
PT 2 139 bp 
PT 35 160 bp 
PT 74 139 bp 
~3-3-10 =*:..- ~tJ'J :-.-YI\J\7-())1.1-Tj:_~~(PP)sJ:tf:J~r)=t/:J:_.,yj:_tf§~ 
( r T) tJ\ s !t! M ~ n t.: ~ 1 r - mr J:t (}) fjC 91J m fiX _ 









<t: cc (") CX) 
::J 
.!: ::J ('\l 
..... (/) t- <t: 
PT-race 
II 
<t: cc (") CX) ('\l ::J 
.!: ::J ,_ ~ ..... c (/) t- < 
~ 3-3-1 1 -tJ- -if' /I\ 1 j' 1) 5/1 -t:t'- :,_, =:3 / ': J: ~ .=_ * / 1-- tJ 1) :,_, ?' 
I\ J\ =f- (J) 1 ./ -Tj:_i_~~(PP-race)S J: U :;· .:t r) -t / :;·-:, ?,'j:_!_~~ 
(PT -race)(J)pYS 7 7 ~ ')- (!)~ t8 
0 r a I , Sa u 3 A I , Tt h H B 81 , A I u I "t 5~ {t; l.t t.: [ilij ~ ~ fl (J) 0 N A z 2. 0% Y fi' 0 - A Jj J 1.- '(' '51' @i l.t , 
j- 1 0 / j. / j' 7 / ( = f~ IT t5 .g. ~ -tt t.:1~L p y s 1 3 Sltfr ~ t J \ 1 j ' 1) 5( 1 A' ~ -tt t.: 0 
- 1 l 0-
~3-3-1 B*gE t-- tf 1) ~~ 1\1~7-Ji Hemitaxonus O)f£ (Naito. 1971) 
flm fl(~~) (fo~) 
kamtchaticusflm H. tokunagai ~ 7 -j-tf ~ tf 1) ~~ 1\1~7-
paucipunctatus~m H. paucipunctatus ~ 7 * ? 7 t: /\ '" =r 
H. me I anogyne * ~.A~ 0 " tJ 1) ~ ~ 1\1~ 7-
struthiopteridisflg¥ H. japonicus * = * / ~ tf I)~~ 1\I<..T 
~ .::1.., .:r: / ~ ~~~li!!fl 
-1'.1-T~im~ 
H. sasayamens is * ~~tf~-51\1'\7-
H. struthiopteridis * 1::: ~ 7 if "/ T '/ I\ I { =r 
minomensisflm H. m i nomens is * ~'r ~~ 1\1<..7-
H. takeuchi i -$1 'r rJ T !-- tf I)~~ 1\I<..T 
H. athyri i * -1 x? 7 t:l\1'\=f-
IJ 3 ., ~ / ~ ..y 0) 1\ I { =r H. s p 1 * 
7 "':l ? 7 t: 0) I\ I<.. =J- H. s p 2 * 
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li~ fi(~~) 
kamtchaticus~g¥ H. tokunagai 
paucipunctatusfl~ H. paucipunctatus 
H. melanogyne 
struthiopteridis~~ H. japonicus 
H. sasayamens is 
H. struthiopteridis 
minomensis~~ H. minomensis 
H. takeuchi i 
H. athyrii 
') 3 'J )1. / ~1/ q)I\J<.. 7- H. sp 1 
7~r:J7t:.VJ\J<.f- H. sp 2 
- 1 12-
(fo~) 
~ 7 t- ti ~ ti 1J ~1/ 1\J<.f-
~ 7 * r:J 7 t: 1\J<.f-
)1. .A 1/ D ~ jj 1) ~1/ 1\J{f-
=* / ~ jj 1) ~1/ 1\/<..f-
:; :1 'J ~ /:; ~11 ~!i!HI 
~.17~1m~ 
~~ti~71\J<.f-
t. ;~. 7 if~ 7 "J 1\J<..f-
~'r~1/ 1\J<.f-
9 'r rJ 7- ~ jj 1) ~1/ 1\J<.f-

















pp B 258 




Hsa 2 263 
Hsa 3 268 
Hsa25 275 
Hm 9 256 
Hm12 255 
J{~t£!fo/JO)Jf J .t.~::~i ... :t*k tJoc1JW~9"1Jf-rtf=.ftET 6 (Britten and Kohne, 
1968; Brutlag, 1980; Singer, 1982) o oc~@[Jij c ,i.,. Jf} L I=j=l""('~@]tJ\ ~ ~fi@l*-* 
9 ~ ~ n ~ ~~l!icJ'J 0) ::. e: C' cfJ ~ 0 & ~~c~'J tJ" Jf J .t. ~:: r!:l 66 ~ t~Jit ~i... t:t !fP1 ~:: 
J: "? --c](~ < !fl-tJ ~o T~tJ~~~:EA~rt'~i ... ~Jf J L0)10%7'P ~20%i;-666 ~o 
r§J ~Ill ¥A C' ,i... so% i -ctJ"R 1J~~~u ~:: J: "? -c 6 66 t? n --c ~ \ ~ o r§J ~~ !fP1 0) &~ 
@~~IJ 0) t!J it' i t "? C: r§J < ... 80% ~: t ~ G l" ~ \ ~ o 
&~W~~IHi~4-H::~ Gt.:J: -j ~: ... ;flk tJU..#:tJ\ G7t~~n6 o GtJ\ G-.. 
~~8'-J ~: ~ioc1J:f*:rttJ\ G ... ~~~J~octlWc~!J (tandemly repetitive DNA) c~t£~& 
~~[Jij (dispersed repetitive DNA) 0)2-J~::j(,glj ~ tL 6 (~4-1) o 9 /T b (tandem) 
~::~/vt.:;fi~~ c ~~~lj~oc1J£~1Hi G'f G~-£~77 -1 t- DNA (satellite DNA) 
C: ~'in~ o .: :h'i~DNAi:-~lt!l;J~cC':ifif~::~-9 6 i C':iJiJL'T 6 c-.. ::_ tL ~ 
O)@c~IJiJ"7t~ Gt.: ~77 -1 f-;-\ / Fi:-~P.X:-9 6::. C: ~: 63*-9 6 o ~4-1,i-:z ry 
A.O)~DNA~ CsCl~,OC!l;J@~~JL'c·;-\ / r:· ~: Gt.:~" "CO)?j-f!Ji;-;E:;I: Gt.: b O)C' 
j;)~o ±;</ r:·~::,i-7'} b0)92%tJ\-a-*:h" P¥-~~JJ[O)I=j:li[)~i1.701 glcm3C'cfJ 
6 o ;j\ 2: ~ \ C:- 7 'i" Jf} L.. 0)8% ~:*§~G-.. ±_; < / r:· C: 'i!/1-fJ 61.690 glcm30) 
P¥:i1ff~ lt ~ft¥ "? -c ~ \6 o ~JIJ~oc1J~E9!J 0) 9=l ~: ~i... ~7 7 -1 f. DNA C: G -c 71-1$ 
-e~tJ~'tO)tJ)IJ ... ::.O)J:-JtJ~~i:-ttf-JtO)~ "tJ,<nt.:~77-1" 
(cryptic satellite)" cOif~~:=. C: b j;) 6 o GtJ\ Gji:iliC' 'i" :=. tL ~ 0) ~[.jlj b -a-66 L 
~-T 71 f-DNAcOif~~.: ciJ"~~'o fWEj"IJ~oc~r!~~IJO)octl@J~'iYfJ < c b 
1ooo@J e: * ~ ~ 'tr~ ... :ilitrf&filiTI~iJ"Y tJ < , ~*.:I....::. 'Y r- 0)~-fttJ'm~ \@~9,J1J' 
- 1 14-
£:4Z.:I...::.. ''J !-- ~f{f-JKpni7 7 ~ !) - (Adams et al., 1980; Sakaki et al., 1983) 'ifrJ 
:4Z1Vf~ C',i.,. /'v-\f-~O)Jf J LO)~{t c~5t1t ~:~-t 61.1Mi:-~66 6 § 8<J 
C', ~~IJ~&~~c.~IJO)flJlf~JTi:-rr "? -c~ t.:o Jar, ~~IJ~&~Wc~IJ c~7t1tO)iiff 
-c ji t ~ 9=r G -c ~ \ ~ o -1z / f. o J 7 C: 7 o J 7 0) ;WE ~IJ ~& ~W~~IJ O)~:iJ!i tt c "C 
O)~j(tJ:!i ,i.,. ~~-f*J:O)~'*~~ vfl[i§: c*§* "? T" ~~tJ~~ cO)~ 1*~~ 
~ G -c~ \~ J: -5 ~::JL.Z 6 o ~~IJ~oc~W~J!JO)~~ C: G T, :ff *7t~-?~~$Jm 
O):i&J~" ~~-f*O):jij~p_X, xfit, 7tWc, *Jlh-~.:t tJ c'tJ\~;t Gn T ~ t.: (Singer 
and Berg, 1991) o j($?j-O){&~'i, ~~IJ~oc~~~~lj0)~£W~~~Hiif J LO)tfBO) 
W~JIJ C: ~f*, m G7'J'O)~Ff~i-:W: t.: G -c~ '~ c15;t ~ o GiP G-.. ~ < 0)~~~: t 
tJ\tJ\v G -g ... c'O)-f&m t~ID£2: n -c~ \tJ ~ \0 ~0) e:::. 6, ~~~J~oc~re~'H:~i 
- 1 1 5-
~~ ""? -c ~ \ fJ. ~ \ (Peterson and Ris, 1976) 0 -1? / r p j. 7 0) ""'.::;- p 7 p-::( T / 0) 
~l c A; c:·cb :5 ~ ,,j:~tffi~X ~ 'l ~ \:5 ~ 3 rJ :/ 3 rJ I" .x.O)~~{I-ti:ti-. i£1¥.; ~=~If~ 
-g :5 (Singer and Berg, 1991) o ~ t:-. :ilf~fi'C" :b:.:k~ ( ~tJ :5~(]\W[.~!J~11'9~ 
J'IJ~oc~i'!ic~UOJ § ru ~ ti .. c:·OJ~5EOJgtjcJ'rJ t1*ff:-t :5lli!83fJ"~l cA.; c:·tJ. ~ ,.:_ e: 
~~~"96 (Ohno, 1972) o ~ G~: .. t. rOJ7 Jv7 7-1.T-T7-1 r'C"ti-. IPJ~l~OJ 
frM-i*Fs~C' ~X. :b--e/ r o J. 7 OJ -1.T-T 7 -1 r OJ:S: c gtjc~IJ~nX:iJ":.:k ~ ( JAfJ. ""? -c ~' 
6 (Vogt, 1990, 1993) 0 .: n G OJ7- 1 :IJ' G .. ~~IJ~oc~re~u OJii-? JIJiitJ.i'!ic~u 
ti.. t:,; r o;. 7 ~ -r o;. 7 OJ ~If~~= ~1* tJ. ~, e: ~, -5 15 X.:b"1i:i'!iGEf1l:' .1:> :5o G 
iJ' G-. J1ft:irr.: h G OJnfi~OJ;tlli~ ~: ~-g 61VfJ'£:b"~h-" .: OJ~~~ b ~b 0 --:J--:J 6) 
6 0) b ~ t:4J~c·cb :5o 
§ 2 ffcJ~ m .'ff~'- tr 83 * 0) m --e :,; r o ;. 7 m 1* m ;w: 7 :,; r~ 7 OJ 1 --:) -c· 6) :5 
CENP-Bti-. t / r P J. 7nfi~~:~t£T :5~J'IJ~&~£§lj" 7 Jv7 :t -1 r'DNA 
q:t0)17 bpO)i'!ic§IJ (CENP-B box) ~:;f§lifFffl9 :5 (Masumoto et al., 1989) o ~ t:-. 
CENP-B:il:fi-f-O)iii[£i'!ic§IJ~ b c ~:j(~JiC'fF~~ :ht:~ft?zx~IJ45' / 1 {7 
j[O)ij' Jv~ 7 r m ~: J: :5fWfJTC'" CENP-B~ 'Y 7 .A ~:xt-t 6 ~~8'-.JfJ. DNA*E-* 
nri~ti-. N;KYffii:IJ' G 1257 ~ J ~"i c·~:tJ:;(£9 6.: c:IJ"11'~ :ht: (Muro et al., 
1992; Yoda etal., 1992) o ~ G~: .. CENP-BtiN;KYffii{lliJ-c'17f--f-c·17f--f-OJDNA~: 
~-*T :5 fJ\._ C;KYffii-c' tiCENP-B27f--f-/7 Jv7 :t -1 r'DNA2:5t-f-~~ti'~JE fJ.fl 
%1*~%nX:9 6.: c b 8)3 GiJ\~: ~ :h -c~ '{, (Muro et al., 1992; Yoda et al., 1992) o 
fj_J:O)~:Wdi-. Ji~DNAq:t ~:CENP-B~ 'Y 7 .AiJ\~~JUlC'lli~9 :5 c-. CENP-B 
# 'Y 7 ;z~:fffi% Gt:CENP-B IP]±iJ"=•1*~%nX: G-. .: O)nfi~O)~~f-*~~(7{ 
~:5Rtl6 .. J;){,~"'i11T0t:t:tt{lb~:IJ"J;):5.:c~~~G-c~,~ (~4-2) o t: r 
~:--:J~'c·J§lHJT:b"~lvc·~,6?rJ ;zOJ--e:,; r o;. 7nri~':'i-- 120 bp~~*.:1..=.. 
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~rc-t:5?-1~--1.T-T7-1rc .. n4 ~~£*.:L-=-~rc"96J.:J~-~-r 
7 -1 r 0)2ft~O)~§IJruoc~Wc~ljiJ\ff:.:(£9 ~ (Wong and Rattner, 1988) o ~ '~'T:h 
b t. r7 Jv7 :t -1 FDNAcft~"nri~~:bt:"?-c;f§fPJtt~~9.: C:tifJ.~\o G:IJ'~ 
G .. ?-1~--1.T-T7-1 r~:tiCENP-B~'Y 7 .AiJ"%3=:,:1*tJ:~n-c~':5 
'PJ!~ c=ii-f*%nX:nfi~ :b%~~:-f*fr:~ :h -c~' :5o ..:COJ t:(/)._ CENP-B/CENP-B 
if-' 'Y 7 .AOJ;f§lifFJ=I=Hi .. nrn~Lj}j!fmOJt / r o;. 7 cb :5 ~ "'i-t-.=f r :1 r%nxJ:&, 
mO)!f.f~tJ. ~?X~~%~':00~ G -c~ "~:5 OT~ttiJ"cb :5U~JII C:74*, 1993) o 
~~t£.ttm~131*'i~ll1-?r'J -1 ;v.AtJ. c:·e:ti~tJ. 0 .. li~:t*-7; L~%~G 
l ~ ":5 t: (/)" ~ ~f*;KYffi}$C' 'i/F~JE ': fJ. 0 -?9 ~ "o DNAO)fl~O) !m~il ~: ,i._ 
-:17-1 ?--tn: ct :5 ::.· ( m~ ,RNA~iJ' G~6 -:/7 -1?--*~:b"&'~-ccb :5o .: 
0)-:/7 -1 -::(- ~=~wH ,-cnNA-f IJ;. 7 --e-~: ct 6DNA%nX:iJ"5' ~3'/Jron:~rr G 
-c ~' ( (~4-3b, c) o DNA$ 1) j. 5 --1?-,j:._ -:/5-1 ?-fJ. G':DNA~-*~C'~ fJ. 
~ '~o Jii~B'-J ~: ti-. -=. 0) -:/7 -1?- 'iJ& 0 ~iJ"~:h l-. -¥ -t" 'Y ""f'j:J:t(/) G h %3=:fJ. 
*!~ti%7-t 6 (~4-3c, d) o GiJ' GtJ.iJ" G, .: OJ~~ C''itT G~ 'DNA~0)5'{1{1J 
~:ti~"""f-:/5 -1-::r-iJ"~ -:/7-1?- ~J& 0 ~iJ"~:hf:-¥ -t" 'Y -:f/J'\~:5.:. C ~: fJ. 0" 
ttttt~~tJ-c~, \ e:oo:~:t*DNA,i:5KYffitiJ" Giit~~=m ( tJ. ""? -c~, ( (~4-3d) 
(Zakian, 1989) o f:O)f:(/)._ ~~1*:5KYffit$~~)E{tT ~!f.f~fJ.~~-T P J 70)f? 
;fffJ\t~jjj~:h -c~t: (Zakian, 1989) 0 TP j. 7ti t. r-?ftBO)lfmJJJ!fm-. ftili-? 
r IJ /{; 'J- ?tJ. c:·-rti s'TTAGGG3' ~£:;$:.:1..=.. 'Y r c9 :5~§rJ~oc~i'!icjiJiJ' 
G~ 0" 1fg0)~~!£!fml: t-=. :h~:{J;tt:~§IJ~&~i'!ic§IJ ': J: ""? -c~nX;~h -c~ "~6o 
7 o J. 7 OJ%nX: 'j:RNA*!-*5 :,;;{ 7 C' 6) {>-To J. 7 --tt~: J: "? 'lfJbtl.~ o T 
P j. 7 --t!' plgO)RNA~iJ"~ru c fJ. 0" DNA0)3' ~te;KYffit~ -:/5 -1-::r- c G -c, 
- 11 7-
~1-(;j _ t... ....... 1- ,_ Ad':]j-\:i1§A; -c·~, ( (Blackburn, 1993) o '"*- t:.."' in 
5'-31 :1J[tl] ~=LX-~..::L- ''J I' '- C.. V'- P )~ 
vivo L' I if,!.)! 131* tJJ IIJT/Pll ~ il'S ;::_ ~ :11. t~ 16;-il-' tJJ IIJTYifi\1:: ?l';IT t~ I:: T 0 ) 7 <D {tiJO :iJ~ 
g ;::_ IJ ' ;!ZYifil '2:-'ti: IE { 1::. "t J., j!MIM ~ &J 7.> ;::_ C: t J: C ~ aJJ G :iJ' I:: ~ :tL L t. ' J., (Zakian, 
1989) o ;::_ 0)7 P J 7 {tiJIIi:iif!'ii\0) J 7 V;;t 'J- J,. C: liJFJ: IJ, T 0 'J- J,. C: 
II¥ lin. 7.> %' 9J!< tJ: f,!.)!i31*tli~ '2:- C: -o -c :to 1J , 'il~ llH& 0) M£l:~ 1m -?i11UY.7Hi'tltll 0) 
~ ~"..t: li-T 0 ; 7 10l±:iJ~~il- L, -ct., 7.> C: t., -5 W*tJ: C~ tt 7.> (Wellinger et al., 
1993) o ;::_ :tL G 0) t!L~:iJ' G, f,!.)!f;-f*;!ZYlfi\0) 'tilE {I::. f.( 511:: ~ , T P ) 71i~ 1".1 0) 
!,j.)!f;'f*O) ~ r.lll'iC if[tJ: C 1:: ~ ~ ~ \.., L t, , J., OJ jjgtf::iJ~ ;;r-~ ~ :11. L t, ' J., (Gilson et al., 
1993; Biessmann and Mason, 1994) o 
~..::.-+}-771 1-- ~O)Jj[~~Ji}jt0)1~~ ,a~IJ~&~Wc~IJO)~{t,O)j&JfjHi~fi-1-
:mu:-c- 2b .75 o :. O)j!1~r:m*l~:: J:. ~ -r &~~c~IJ P'J 0) ::1 C:-~tifti~f~ ~:::1ft :!JOT 
.75:. c n"'-c' ~ .75 o -Jt1 -JO)~:L$:..::L..::. ''J t-- c tJ .75 re~UiO"'~ 11 L -r2® ~:: tJ 6 c"' 
;c O)~ti::f~5(~ (unequal crossing over) ~:: J:. ~ -r ~ G ~:::ift:IJDT 6 PJ~~tEiO' 2b .75 o 
Lb\ L"' &~~JjtO)~~ '~~~J~&t~]!ic~!JO)~{t.~~aA-t ~ ~::ti"' ~~-=f~*ltC: 
~ 1-c' t i &:, -g L t +?t c· tit J ~ ' o .W!J i~J i "' --::< r) 7-.. 0) J. :/ -v - -+J- 7 7 1 1-- t i"' 23 4 
bpO)~;L$:..::L..::. ''J f- O)r-J100J]:J C:-;6\ G:mnX~ n -r~ '6 (Southern, 1975) o Horz 
and Altenburger (1981) ti"' :. O)~;L$:..::L..::. ''J l-- ;O·\l/2"' 114"' 1/80)-+}-7~ ..:1...::. ''J 1-- ~::?t 
t1 G n .75:. C: ~11' L t:..o 1t*..::L..::. ''J l-- ~ 117 bpiO\ G nX 6 2-JO)-tJ-7'·..::L..::. 'Y l-- ~:::51 
~JT .75 C:"' -'f0)1/2..::L..::. 'Y l-- rs9 t:: ti81 %0)m~@c~ljO)~§~ttiJ'J! GtLG (~4-4) o 
~:;$: .:1-.::. ·y 1- '2:-58 bp 0) 4-::> 0) "T 7' .:1-.::. ·y 1- I::% 'J!ii J "t 7.> C: , -t:- :tL G 0) r.ll 0) tl:liOJ rt 
- 1 1 8-
~ '6:. cb'fti6"6 (~4-6) o :.n G0)1/8..::L..::. '') l-- 0)~~ ti~ t-c·titJ (, a ~C. 
~!J ti28 bp"' ,B WcJ'IHi30 bp -c 2b .75 o ;c L -r, a C: f3 ti a 1 ,81 a 2,8 2 • • • C: ~ '-j 
JIU:x::BJ: *i ~ ~ ~ h -r ~ '.75 o J.!'*~~ ':. c ~::"' a c ,8 -tJ-7~ .:L..::. 'Y l-- ti, ]i~" 
~::1~:@ ~ t:..3-JO) :J /-1? /-17 7-..~c~!J"' '9fJb t)"' GAsTGA, GA6Cf"' GAsCGT;O" 
GnX:~-r~'6o tJ:~-r, ?r'J7-..0)J. :J-v--17-T-71 rO)~f*,i, 9 bp (~G ( 
GAAAAATGT) ib" GnxG1fi~O)tli5tre~!JiO"~nr~*i ~ ~-g:. c ~:: J: ~ ~ l.:-t:.. ~ 
;$5.Z Gn -r ~ '.75 o :. 0) J: -5 tJ& {l!PJL~O) ~ ~ '~~!Jm!&tlWCJ'!JO)J1§1t.~~ ~-g 6 
t:..rb ~::, Britten and Kohne (1968) ,i, JY5~nr~ (saltatory duplication) {&~~m~ 
lt:.. (~4-7) o :. 0){&~5Hi, &tl~1Jtlt0)~~ ,~~!Jm!oc~iJlicJIHi, Jt~Et-J®:l \:11§ 
1~1¥J!F.fr~P'J~= 1-JO)t§.7tWC~UiJ'~,~~=V'IIID t :mtt-t 6:. e:~:: J:. ~ -r ~ t-"' f:-n 
GO)~c~!JO)~~,i~~:~:. ~ t::. 7 /!fLtJ~~~~~:J:.G c~'-5 :bO)C:cbGo 
~ 0) 1Y5!m it~ 0) ~~ .!r~J~ -c' 'i, J: ~: :izf « f:..tli7'G WcJ'IJ O)G AsTG A"' G A6CT, 
GAs CGT;O'Il[il ~ h 6:. c ~:: J:. ~, a :fo J:.lf ,8 @[.~lj7J-\~lj./H ~ ht:..o ~=fti~~ 
-c·ti, 58 bp0)1/4.:L-=. '') t-- b'~i!X:~ h, ~.:~J~~~C:'i"' 234 bp;O" G/lX:G ~c~!Jb"~ 
t- t:.. e: ~ '-5 :. e: ~:: tJ 6 0 W5lmtl~O)ji~~~~ 'i"' 234 bp 0) reJu ~ 1oo:n 11m 0) :J c: 
-~:::lfl~i-tG:. cc·cb6o lib"L, :_O)R.J5!£1nr~0);$5it -c,i, 1)R.J5~il~O)J 
fJ..::. A:L 'i V'IiJ', 2) 1 -JO) tEL7t~cJ'Ui6\ G £*.:L..::. ''J rib"~ L:- t.:~~:: ~,~;6\-:J~ 
~1¥1 tJtt~ ib'~:. .75 0) 'i tJifib", 3)2-JO) :ili~tJ tli6'~ 83 *~ 1RJ t_:, ( 9 G &:{l~c 
~U~~-:J!F.f"' 1 -JO)~P'JO)&~~cJ'!J 'i L'·~f L '~ff&O)fmO)JX~~c~IJ c O)fs9 J:. ~ t 
:toli~ 'O)rs, -c:~§!Plttib'~~ 'O)'i tJifib""' tJ c:·O)rp~~~m~-t 6:. cib"~H-ccb 
~0 
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.:. 0) J:_-) tJ:~5lll.:fl~O)*;Z ~:x-f 0, Smith (1976) ,i, itb~~{~ (concerted 
evolution) O)lJl~i-fl!~ 0 f-=.o .:. O)Jll[~-c'li, f§~c·tJ l 'jl{~-:r-'?~~-f*O)F~-c' 
7 ::,;.)i'''L~:€.:. 6~~~~:b"~~tJ:~~Ji-~t.:. 0, .:. O)f.:~~::J!:{~-=f~O)~~: 
f.f{£-9 6ll1~-=fO)~:IJ"1~~~:: J:. "? -c±t.:t t::. ~ ~"? t::. ~ T 6 o ~~~~ t ~ t::., 
~4-8~::7F 0t::.J:. -J ~:, Jl:f~-=f~O)~O)l!{~-=fi-~;ji{t-9 ~~~i-~"? -cl'~ o 
-ttJ:b~, ~~~~IJ"~< tJ:t's:~n:li, 1--JO)ilf~-=f~~:Ji-96~-cO)Jif~-T 
li~~jEr-J ~: 'i ~ ~ ~: tJ: "? -c G ~ -J o t ~ 0/v, ~~ ~:: li~~@i~iJ'~ ~:: €.:. 6 
(J)T, mf~-=f~'il, < --Ji)\O)~~:ii:1~-Ti- t--:>.:. ciJ'7~ ~ n~ o 1--=>0)fliJ"2 
-J~::?t~ G, ..:C:tL..C:tlO)-=f~fi 0) ~-c'JX{lWc9!J:b'~!R.lr~:::11§1t-9 ~ ffif, fi f*JO)Ji 
{l@c9u li/F ~~~ ~:: J:. "? -c ~Hkl. 0) :J C:- i-ffl--=> J:. -J ~: tJ: ~ .:. c 'i SA G fJ\ '1:' 69 ~ o 
~1f, 2-JO)fi ~::~-g 6 oc~]c9U li~~~~-'?DNA:fl~T O)m ~ ~= J:. "? -c~-'< 
~::Jt{t0-cl'<.:. c~:tJ6o ~~~~~::JJo;Z, m{~-=f@i~ (gene conversion) t 
~91J~&~WC91J(J)~{t-c'iJ'tJ ~ ~~tJ:~~Ji:-7J& t.; -c l \6 c*.:t G:tl~ o jilij~O) 
:iil ,,i, ~W;ffiJ"oc~Wc9rJO)~i-~~~ -tt6 O)~::x--t 0, t.&~li-'fO)~i-~1t ~-tt 
tJ: l ,.:_ c-c'~ ~ o .:. 0) J:.-) ~::, ~~~ft, :il:1~-=f~~' ~~~~;f.) J:_ (JDNA;fl 
~TO)m ~ i:-*X.:tlli·, ~9!J~oc~Wc91JO)~{t,~:~T 6~-cO)U,~ff.S=*i-~8A 
-g ~.:. ciJ'T~ ~ o 
Jf J L @c91Hi, JX{l@J~iJ'~X. ~ ~:Jt~IJ 0 -c, ~§~~li&~;t}iJ;t0)!1J{IfiJ' 
r!ffl < tJ: ~ c 7~ ~ :tL6 o GiJ' 0, ~~~::lilit~Hlic91Hi&,-g 0 t~li&~;ZJiJZO) 
J:.l\_7-fj',y ~~:tJ"?"'(l,~;fJ~j-c'lifJl' (:*UJ, 1991) o ..:C:tl-c'b, ~Jidl).~;k_ 
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i-€.:. G-?-9l'oc~Wc91JiJ'f¥tET~•t•~T69~o .-cn-c·,i, ~-f*c' O)J:.-J 
tJ:tt1MiJ"Mih-~X.JiJZO)J@.:. G-?T ~ ~::®. t.; ~ O):IJ\o .:. .:. -c'li, ~jiJ~Ji{lWC 
.:r..=. '>' t-- iJ' 5 / -T L ~:&~ G t::., l 'V ~ 6 ~91J~& ~@C.j!JT ~ 6 iJ', oc ~@Jfi 
;6\~@J---fi+@J cj/'tJ:l'O);b'\tf.j~C'~6o GiJ' G, fttj(~tJ~~li, DNA(}) 
o 7 1 -tJ: c'O):ilf-iwgO)JWfR C 1J ::,;Jr- :JMtR) -?, r§'ttO)ftb lJ ~:-fW1A!f.j;E~: 
ffll, ~ n t::.lJ, ~-=r~5£0)1f::1JtJ:ffiE~ c G -c t~vn -c l, .:50 
Jeffreys et al. (1985) ,i, 1:: }-- ~ ;;t ~~7'· o t:' /il{~-f-0) -1 / t-- o /mHt J:. lJ, 
l' < --:>;6'0) ~.::. -+t-T 7 -1 f- i-7 o -.=. / 7·· G t::.o .:. n G 0) ~.::. -+t-T 7-1 f- 0)~ 
£Wc91JO)~§ ~M?tli, ~~~l,.:. c ~::*JmiJO)~Ji&~.:t&tt:/ 7''-J- Jv-c' 69 ~ tJ 
-1Wc91J (GCTGGTGG) ~:~1HkJ.O)@c91Ji-~"?-c:f5~, .:.O)Wc§IJ;Oq:: r-Tt*iih-~ 
~ .=. -+t-T-7 -1 r- O)~£Wc91Ji:-Jt~ G, :1 7WC.§IJ (GGGNNGTGGGG) ~~~t.:.o ~ 
~ ~: , -::t ry "A 0) ~ .::. -+t 7 7 -1 t-- C' l i t§ fm ~li h-~ .:t 0) :/ :7'' -}- J v @C. §IJ c G "'C , 
"GGCAGG" @c§lj;6-\~tf1~;h-cl'~ (Mitani etal., 1990) o .:.;ht;O)Wc§IJli~p·ffi 
': 7''7 .=. /~£~: ~ lv -c' l '~ o 7''7.::. /~£0)~ l 'i'li[.jlj 'i non-B-DNA :f.PJ:iitr~ 
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c lJ -?-9 < , ~ 1) 7 1) / !;f l) C: l) ~ -/ /~c~IJ 0) J: -j ~:-=:£~DNA~~ ~7I' G 
t:: lJ (Wells et ai. , 1988), ~ G ~: 7 P J. 7~c~IJO) J: -5 ':(I:9£~DNA;fl~~ c -"5.:. 
c ib~~ G h l ~, 6 (Sen and Gilbert, 1988; Williamson et al., 1989) o 
.:. 0) J: -5 tJ ~c.~u-r,i, DNA;f IJ;. 7 -.-e·~= J: 6il~&JC::tr'w rr G ... .-c O)!f.6 
~ ... ¥ll17-~;toc/ZO) 7 --7 '>' r ,: tJ 6 O)ib\ t GntJ: ~ \ c*w, 1991) 0 .:. 0)~-@- ... 
it§.17-~;tfi/ZO) ~ ~f-J- ;vib\~~ c tJ: lJ, ;f§!PJ~~-f* Fs,O)/G~x~ ... ~.A 7-7 
p -:zf- J-:'3(~, &) 6 ~ ''iDNAfl~O)m-lJ fJ c·O)~~~: J: lJ, &1l@Jf{:IJ\~{t L,, 
oNA~ru 0) '*~ c tJ:--::> -c ~ \6 0) -c· &J 0 -s C* w, 1991) o 
m=O) PJ~tE c G c, .:. h G0)7''7 .=. / 1) '>' f- fJ~c~IJ-Ef--7ib\~ 7..~-T 
c t_, -c{jj~, _57 /r~ 7 O)!f,6-@-tfflUL~f£-fjt G c ~ \6.:. cib\1j;t Gh6 o -t-r~:, 
~ .:::. y T 5-{ r {f,6-@- _57 /I~ 7 ib~ ~ '\ < ':)Jj\~:gr ~ h l ~ '\ 6 (Collick and Jeffreys, 
1990; Wahls et ai., 1991; *f¥j C:;ft~, 1993) o Gib\ L,... .:.h G0) _57 /1 ~7 O).L})-r 
:a'ili~ ,~= ~tJ--::> -c ~, 6 0 mt£, .:. n G 0) ~-=- -lf-T 7 --r r !f.6~ 7 / ~~ 7 0) 7 o 
-.=. / 7·· c~~WHJTib\:iiA.; -r~ '6 m~-r &J lJ, litfJ'EO)jiJ.&-i-~~ t:: ~ 'o 
2. -T D 1- J7~91J 
7 o J. 7 ,i, 7 o J. 7~c~IJ ~*ii17-~;t&JZ~: J: lJ ft£.0)7 P J. rib\ G t!J:6.:. 
cC', -tO):&~~-f*"'J.:. cib\mGh'""C~'6o Wang and Zakian (1990) ,i, fiiUYffiH: 
-:&~ c ~c~IJ O)~fJ 6 7 o J. 7~c~IJ~~"'":)~~75 :A ~ r:·~M£3:1*J ':~A. G l", 
-tO)r p J. 7~c~IJO)~{t~agj« t::o ;c O){f,6*, m~ \ jjO)r p J. 7~C.~Ij:IJ\:&~ \1i 
O)r o;. r ~c.~u~w--cm~:& < G -c ~ \6.:. cib\BJJ G ib\': tJ--::> t::o .:. 0) J. n -=-7-.· 
b,i, 7o;. 5-.-e·~:J:6tl~':lt«, 7o;. rO)f$-:&:IJ~ill~~=:rrvn6 c~\ 
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-) ~~~~Jo 7-P J. r~c~IJt.:·~jC'fJ: <, -th~:~it-9 6-lJ-7''7 P j r'PJi~t 
*ll17-~.Z&JZO)~PJUtib\~ <, DNAO)~~-i-7I'-t.:. cib\t r-?-:zry .A':i)~\"(~ 
G h "( ~ \ 6 (Brown et al., 1990; Kipling and Cooke, 1990) 0 .:. 0) J: -j fJ: 7 P j. 7 0) 
1988; Williamson et al., 1989) o 
3. Sau3A 7 7 ~ ')-
t r HeLa$Jfe2J: lJ W-;$~ht::, Sau3A7 7 ~ ') _,i, ret~0)7 Jv7 ;t -1 r:· 
DNA,:3f:f$]72%0);f§ IP]t£~/F G, Sau3AI~:I~1U: J: lJ ~850 bpO)~Jl ':rtX::5R-9 6 
~~uru&1l~c~IJ-c·&J 6 (Kiyama et al., 1986, 1987) 0 it::, m1111}:~{3-f*O)~ / 
r p J. 7 ~~':I\ 7" p -{ F ~ t:: lJ ~ 1000 :::J c:- fJtET 6 .:. c (Kiyama et al.' 
198 8), £* _:r_.:::. 'Y r 'i 5 "'":) 0) -lf 7~ _:r_-=- '>' r tJ" G P.X lJ , .-c n G 'ili ~ \ ': :lf:f$] 
G, .:. 0)&1£~c~U7 7 ~ 'J -O):ft:*O)~fl.&ti, ~~1*71-': t~*_:r_.:::. '>' r e: G 
-c, 1;W]Jlli~ t:: lJ t-.1 20:::1 C:- fJ:(:E G, l;W]Jlliffl]~ .:.·· c ': iPJ :::J C:- O)~c~IJ DNNj\~ 
13-f*J},:tJ)t) tfj~h-r~'6.:. C:T&J6 (Kiyama etal., 1986, 1987) o .:_O)$~'i, 
~~1*~ O)~~ljO)t-J1% (2000 :::J t:'-0) -5 !J0)20:::J c:-) 'i~~-f*"}~:fj::(:E L, -c 
~ \6.:. c~~~T 6 o HeLa$JJ§C''i~~~:DN~c~IJ'i~i31*1*J0)~0.03%~Jt 
G:b\~1~:3;~,1-~:tJ)t) tfj~hfJ~\.:. c~~;t6 c, Sau3A7 7 ~ ') -@C~IHiftBO) 
DNA@c~IH:Jt«j/fJ < c t30{{f~liJ(J:~f*j} ':-fl] lJ tfj ~ h-?9~ \ c g ;Z ."5o .::. 
0)·11:ji,i, FPJ c~~uru&tl~c~IJ-c&J--::> -c t r Jv7 ;t -1 f'DNA-r,i.f! Gh 9\ *I 
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~:EcoRI 1) c _ ~ (340 bp c 680 bp) 'i~~-f*:)i. ~:: il~ ~ t1, "( ~ 'fJ: ~ ' (Riabowol et 
al., 1985) o Sau3A77 ~ 1)-~[.j!JO)r:f:l~:li, :tJ-{~[.jlj(:1lg~~tJ:-"6~JIJiJ'Cf:f 
t£9 ~ o Kiyama et al. (1987) li, .:. 0) J:-) fJ:~[.jlj:fJ\ :/ :7''7-Jv c fJ: ""? "C1l~ocJ1:: 
(}).::r.. 7 -i-~~ G-.. JfO)DNA~[.j!J/J"'ffi"~:*?t~::IDAA:~ n "C~ '."6 cftt!!U G -c l '~ o 
4. pSOL77~ 1)-
pSOL 7 7 ~ 1) - li, --ti' :,r?"-{ /\/ '\'.:f- ~=!f.f~tt-JfJ:, ~*_::t..::. '>' ~ fj1 kbO)lW£ 
j!J~oc~~cJIJc·~ ~ 0 ~ t-::, --ti' /7-1 /\/{1-lf; LO)OA% i- 6~-- 77-=- / c 
1- ~ /~::~ A.;t:-~cjiJ~AA:i- c ""? -cl '~o G/J' G, ~~':: c ""? "Cftt~~~ < ~ 
t, Gnt-:O)li, ~*_::t..::. '>' ~ 0)~$0)fj]i~/J\~ 1J A (t G < 'i~ 1) T) :fJ\~~9 
~ ~ lJ :t lJ / ~~ lJ c: 1J ~ :; / ~cJIH:: J: ""? -c~nx: ~ n -c ~, ~.:. c -r: JTJ ""? t::.. <~2-
1-4) o ~ 1) 7' l) /I~ l) l:: l) ~ :; /~[.jiHi.=:.~&JltDNAmnri- c l], *iiJJ.~;Z&J;"t 
~: ~ < ~ b ""? -c ~ '6 G G ~ ' .:. c l i 9 -r: ~:: ~ « t-:: :im lJ 1: ~ 6 o 
t G .. psOL7 7 ~ 1J- 0) ~ 1J :t 1J / ~~ 1J c: 1J ~ :; / Wcj!J-c*ilh-~.:t&Et 
IJ" ~ ~ '!PJt!t -r:~.:. ""? -c ~ '6 tJ: G, ~n=~ c, 6 -r: ~ 6 -5 3f::~§ [P] tJ:*ilJJ.~;t ': J: ""? 
-c .. -:&~ O)Jf-tJ: 6 ~ IJ :t 1J /I~ IJ c: lJ ~ :; /~cjiJi-ff--? t-=~*_::t..=. '>' r /J"~h-
te ~ h T~' 6 'i9C'~ ~ o ~~-- pSOL7 7 ~ 1)- O)Jf J ~ '>' :7 -if-tf /mfRC: 
,i, 1 kbO)~*_::t..=.,y r-?"fO)$m1*ttJfJ=lc,i-ft~O)~tJ:6 .. 7-17--ttJfJ=l/J" 
~~~te ~nt-: (!ZJ2-1-2) 0 .:. 0)-f&IDtJi .. -:<-1 -r-tflfJ=lO)it&~~cj!Ji:-~«6.:. 
e: --c~llif-c· ~ 6 0 .if .:. -r:, ~* _::t..=. '>' ~ J: lJ m ~ '7 -1 -r- ttJf J=l e: -If~ '7 -1 -r-
tt]fJ=li-:7o--=-/~G .. "CtlGO)it;K~£~i-m«~o"fO)~~--~*_::t..=.~~ 
c j(;j\2-J 0) 7 -{ 7-- tt]f J=1 0) ~ 1) :f 1) /1 ~ 1) t" 1) ~ :.1 / ~[.jlj 0) ~§ lPJ ·11:li :i{Z-:15] 
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74%c, ftBO)'PJi~ (89%) ~=.It«-ctJ,tJ: lJflt~'-= ciJ"?tiJ'--? t::.. (~2-1-9) 0 G/J, G, 
3--:JO)tfJTJlO)*~O):ii~,,i, ~ 1J :f1J /1~ lJ c: 1J ~ :J/rejtJO)-If~O)Ji~,~=rn 
* G T 'i:to G 9, -&t~:: ~~~cjiJO)fi:~, ?z~r::. J: 6EcoRit~Ht${lLO)t~ ~~ 6 
~ ''i~t-: tJ: 6 tfj~~= J: ""? -c t t::.. G ~ n -c ~ 't::.. ,:-g:g·tJ:/J' ""? t::..o 
~ 1) :1 1) /I~ 1) C: 1J ~:; /~[.j!J cO)~b l] C:, ~ l) A ( t G ( 'i~ 1) T) /J\ 
~ ~ tJ: A~- -if- ~C.JIJ ,:: J: ""? -c ?tttJf ~ n, /J'--:J m1 m 89 '::?t11J 0 -c l, 6 ~C.JU li~ 
rej!J li.:. 0) ~#i-~ t-= G -c l, 6 J: -5 ~= Je..:t 6 o .if.:. -r:, ~JJ. '=~*_:]_-=- 'Y ~ wr 
Jl i:- ~ 1) 7 :7 1) Jv 7 ~ ~- J.j';vC:?t® G T h- t-:: o .if 0) *s:W:, pS OLtt]f J=l 'i~~ 0) 
j( ~ ~ J: l] t 1. 41~-:k. ~ fJ: ttJf J=l c G T ;5Jclfj ~ tl-. ~BE DN AC: ~ 6 .:. c /J\ 1J' ~ tL 
t-:: (~2-1-2) 0 -=-. O)ttJfJl0)~81Hi~ 1J :t 1J /I~ 1J c: 1J ~:; /~cj!JO)~s±n::J: ""? 
-ctt::..G~nt::..~=:~t~'tJ:~'cO)f&mO)t e:, ~ 1J :t IJ /f$1J t"1J ~ :J/~cj!Jt.:: 
tji-'i'i'%3~J:::tJ/{-96ttJfJli-~~G, $1) 7:7 1) Jv7 ~ ~'lf;v-c?tOOGt::..o 
G/J' G, -=-. 0)~ 1J 7' 1J /1$ IJ c: IJ ~ :; /l*Jf Jtli~fiBDNAc G -c~~~ ~ ntJ: IJ, 
""? t-:: (~2-1-6) 0 
01::0) J: -5 ,::, pSOL7 7 ~ 1)- (])JfRfJTC:li~JIJ~&tlWC.jiJO)Y'-1 7- ~ :7 
A 0) }fRBJH:: ~~-g 6.:. c liC: ~ fJ:iJ' ""? t::..o G /J' G, pS OL 7 7 ~ 1) - 0) $ 1) 7' 
1) //$ 1) c 1) ~ :; / ~[.jiHi, ;fi!t?;;tl Lupinus Jute us O)EcoRI&tll!ficjlj 0) $ 1) 7 ') 
/I~ lJ c: lJ ~:; /@cj!J c70%0)~§1PJtti-1J'9tJ c·, t~O)m:i-~.:t -cf*t:J~n -c 
~ '6*11JO)~fiE:i-~~l~ \6 PJfiE:ttli+?t~ 6 0 
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1 . )(:-~~~'*' 
~)EO).:f--{ p ~ 3 ry:; 3 ry /'~.:L Drosophila melanogaster O)~{fftC',i-.. ~!f!tFa9 
-c·~f1~1'F:50)tJ"'JiG~"-= ctJ"£})~0 ::.nGO);\.:::r:~x@c-9~ c"' .:fO)r1*~:: 
"dysgenic trait" cn¥,in~-~O)?z!Vra1J"J@::. lJ, ~A"' ~~f*A~"' 7F~-t,r 
~~?t~"' (}) :5 ~ ,,i/Ft5JJ: c:·, Jfl1lt~::/F;f1Jt,r.!rniJ"' te~T :5o :. 0) J: -5 t.r?zfla 
iJ"~h :5 ::_ c ~X~~t:EA~ (hybrid dysgenesis) c Of~ -c-~ ":5o 
ft t JfittJTiJ"':li~ C' ~ ":5 3(:~9£!:£~ ~ 0) ~ 'i, Y' -{ :fP (paternal contributing) 
eM (maternal contributing) ~::51-iJ"h~ (Engels, 1983, 1989, 1992) o ~4-9~::~ Gt:: 
J: -5 ~::, P0)1i:l cMO)ftit~x@r. 2:-tt~ cx~9£t:EA~7'J"'J@::. ~fJ"' ... ~O)x-mic-c 
Lt~::. G t.r ~ "0 ::. 0)3(:tfi9tt:EA ~ ~:: 'iP ~-=r c op,i·n :5 ~~ ~ -1-fJ"'~~ G -c ~" 
:5o P~-J-,iP~ftftO)/j-~:::(f1£ G, M~{fft~:: 'i:ff{E GfJ: ~ "o P ~-=f,iP~{f!tO)ff:ffiJj§ 
~C',i1i5Etc1J""' M~ftftO)ff:ffi}J§1[~::2: G-2:h:5 crr5tt1t G~~T~o :_O)t::'rh"' 
P1i:l c MftjtO) -J-1*-c' 'i~A c~~f*0)¥}$$:7'J"~Jl§£ G, J!G~::~«t:: J: -5 fJ::it1!t 
~::/F;f!JfJ:~!rn7'J\~h:5 (Laski et al., 1986) o 
::. O)A ~,i, t e: t e: ~1ltff:ffi .~m~::J@::. :5~~ -c·, P1i:l e: MJ!ttO) x@c-ct:E ~ 
h ~ F1~fm0) ;"\.::r:,i-f*ff:ffill§*.El.J~HiiE~t:·tJ"', t£.1!tlDRiJ"' 96~ G fJ: ~ "o :. t"di, P 
!ZQ-=f-0) ~~ib"', ~MK:ffill§O)MK:ffill§it ~:: 2: G 2: ht:: ~tct1Tr5tt1t G"' ~~-g ~ t:: 
'rh -c·(}) ~ o ::. O))j--J- J. :tJ..::. .A. L 'iTC' ~::Jfit SJ3 2: h -c;tQ t] "' P ~ -=fO) ~~ ~:: 'i 
87,ooo r:·;~.; r- :,; 0) r- 7 :,; .A~ ~---tlfJ"'&:'~ -c (}) :5 iJ'"' .::. :tUit:£9t~frr"{? O)lJ-i; 
nx~h ... f*ff:ffill§c·,i-@'-$:2:hfJ:~"t::'rhC'(})~ (O'Hare and Rubin, 1983; Karess 
and Rubin, 1984) (~4-10) o 
xtft9€t:EA~c· 'i"' 2~ff1tFa90)1E~x~O) Jl:1Tc·A ~ib"'J€!£.-9 :5 t:tttJ:O) 
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-c·, f:- 0)2~ftftFa90)mf~-J-O)fmh (gene flow) 7'J\jG~~::WJtf Gh ~ btjC',ifJ: ~" 
iJ", xtMt~~ t:£~~0)~~7'J"'fl~:ff1'£-tn,i·, li~ "~:: :ii:~-J-O)runtJ\ll:'rh Gn :5 
:tlJj-@'-7'J\tfj T < :5o Rose and Doolittle (1983) (i, ~7t1t~::~-g ~5t-Tti.~$ft-J~ 
fft c G -c ,i, (?\0)4~0) .~~~JE -g :5 :b 0) -c·t,r t1 h';ftJ: G tJ: ~ "c Gt::o .:C ;tUi, 
1)!:EM/Fto%~ :b t:: G -tt:Etm~~C' (}) ~ ::. c, 2).:fO)~~ib"'Wl~ ~ h~ ~~:::to 
~"-c ... .:c O)~~~DJ 6 7trt~H1iir'lfl ~ "T ~ ,:5::. c, 3)51-r~$ c.:t:-0)!:£~~~ 
tJ--:~tt~:: ~:it G -c ~ "~ ::. c"' 4)t:Etm~~ cfl7t1t e: 0) xtJZtJ'~-c~"' .:fO)~~tJ--: 
!:EM~~~O))Jji~~::t,r~ bO)C'(}) -.JTff.S~c- ,itJ:~"::. c"' -c·~6o f:- GT"' 3(~ 
9£!:EA~'i '~'J:::. n G ~~t:: G, fl7t1t0)~~ c G -c~~'rh1~ :5 c G -c ~" 6 o G 
tJ, G, ::. 0) ~~ 'i~O) e: ::. 0 .:f -1 o ~ 3 r; :; 3 r; 1" x ~:: ;tQ ~ "-c ~o G n -c ~ "6 t:· 
t J" c ·"' ftBO) IE~ c· 'i ~ -.J f:: < )ttJ'\ -.J '""[ ~ '\ fJ: ~ '\0 
fFfiL~~~~f[J~·fj: (cytoplasmic incompatibility) ,i, ffi~O)JiitftiiRJ±tJ\3(~ G '""[ 
b f:- O)*Jlh- -@'-b-tt~:: J: -.J T ,i, ?XiitftiJ" te~ G t,r ~ "~~ C' ~ 6 o .::. n'i .._ [ilij~ 
0)~~~1* O)Jli~~= J: -.J -c !:£ C :5~W~~ ctJ,/F!lf c ~ "-.J t:: :b 0) c 'iA t,r 6 o 
it::, tf.J}E O)~%mfi-=ftJ\~l:j. T ~ c ~ "-.J t:: t O)C' t fJ. ~ "o .:Ch.if';hlE ~fJ:$ 
J&fJ\.._ .-c OJMI.h-irb-tt ~ "iJ"~ -c-=t-1*~~9::. e:tJ--:-c-~ t.r ~ "~~-c ~ ~ (!fEB, 
1988) 0 
Yen and Barr (1971, 1973) ,i, K:ffill§jt~t!J~tt~~T-1 .::c;fJ Culex pipiens 0) 
t:EM~ c #~ ~:: Walbachia ~ 0) l) J.;- ':J 1-7 ~~~(/), .::. O)tf::(±fJ-\-{ .::r:;fJ O)~Jmfl/F 
~Dirtt~ik 'rh T ~ ":5 O)C',ifJ: ~ "iJ" c1§" ;t t::o ::. O){Ji~OJ{N~ c fJ: -.J -c ~ 0) ,i, 
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ttt±.ttm1t~~~G'"C" lJ J;-,1 f-7~tJ. < Gt:~;m~ffl~''t"1!Ht%t>1±~9~ C:" 
.:ffDir-c'cfJ "? t:*ll7J.irb-ti-O)!:f=ltJ\ t?iE~,:~~T ~ :bO)iJ"i:B't"~ t: C: l' -5 ·~ 
-c'cfJ~o 
'it:, -t:7~-h Aedes sucatellaris (Wright and Wang, 1980)" A :J--;z-(/''5 J-1 tl 
Ephestia cantella (Kellen et al., 1981)" t ;l }-- C:'r) /-JJ Laodelphax striatellus (Noda, 
1984a)" 7 Jv7 7 Jv7 7 '/r:/' L ~ Hypera postica (Hsiao and Hsiao, 1985a) -c :b~ 
Jm~/GfDirttir'¥li"*~:h, 1) J;- '/ f-7 cO)~J!!tb6\t~~~:h '"Cl '~o l) J;- '/ f-
7 iJ" c.·O) J: -5 ': G --c/FfOirt£ ~ :b t::. t? i""iJ\ ': -J ~ '--c 'i" g~ I*J ':~A G t::. *WrO) 
::ftr5ttft tJ. c:·iJ"~ ;t t; :h --c l '~ iJ"" +0-~~~0) l' < maJHi 'i t.:.·tJ. ~ :h --c ~ ·dJ.l 'o 
ifttt±.9t~'8rt'~':t5~ ,--c, .:ffDir e: ~ \-5 O)'i -'fO)mf~-rO) ~ rntJ. xVTE~ 
t;jjtf~ :bO)TcfJ~o ::::.niJ"" ~~':M~·~n:h,i, !£9t~~~iJ"J@::::. "?t::::::. C:~: 
tJ. 0 , 1miJ\ ?1-ft G1!} ~ o -ttJ v ~, t:EJm/F~Dir C: ~" -5 0) '±" fl?tftO)*S 5W: -c cfJ 
~ C: C: t~:" ~-g.,:J: "? -c'i~!ZQ-c:bcfJ~o ~Jm1t.:ffD-*t1:'i" -'f0)5J-r~m: 
iJ"/F aJ3 -c cfJ ~ t: (I)" x:*i9Bt±.~ ~ O)IJi -cJzl!« t::." 1m :B-11:: r: ~ i"" ~ 5t-Tt±. ttm~ lf1 
;t~~-c cfJ ~ f::_(/) 0)~# (Rose and Doolittle, 1983) 0)~'"[ ~mcyt:-9 = C: 'i'C'~ fJ ~ 'o 
GiJ" G" l)C:4),:-J ~ '-ct :t rQ~N!tJ~'o 
3. ~~f*(l)'ffi~fr 
~ttmcti~~-f*O)f~~ft~: J: ~ ~5t11::1J" J: < ~ t?:h '"( ~ '~ (Grant, 1981) o 
.WlJ.~.Ji'" --f:hJf':hAAC:BBc~'-5 Jj') L~ff-J{~-f*iJ\ t?fiX~fiiJ\l\~ cT~o 
[ilij;fi:O)*ifl'iABiJ' t? fiX~ )j' J L~f?j-JiJ\.,. = 0)~-g." ~~-f*xt-g.tJ c'iJ\j:£~ 
~:)@::::. t;-9, /F!If:c·~ ~::::. C:iJ"~~\0 Gh\ G, 1~~1tiJ"€~--c AABBc~'-5 41~ 
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1*': tJ ~ e:, = 0)@-f*,iJE~~= ~9t-c~ ... filii~O)~ e: 'i~~Jl: Gt:xwc.~rn~% 
$:"9 ~ PJ13E:ttiJ"-c''"C < ~ o = 0) J: -5 tJfi:B-fl::'i, ~ttmc·ti#!: G -c~ G < tJ. l ';6"" 
JJJttm-c,itJ\ tJ. 0 ~-c cfJ ~ o ::::. :h ,i, ~t?JliJ" ~ *~~ ': J: "? --c3(WC.PJ~-c cfJ ~::::. 
C C:j(~ < ~~ G'"Cl'~~o 
t±.%J'i r:7 -1 JvA ':~~ G '"C~fi::T ~ o i:f:l~ C:1ti:Jll ': J: "? '"Cl9711f.,:fJl;ll~ ~ 
:h t::. r:7 -1 Jv A ~ftffi1'tr ': J: :h Lf, ~ft'i r) -1 JvA ;6\ cb ~ -@1-f*O)iftf~r~tff t: tJ. ~ 
1*':ff~~7J., **ff"?-c~'t::.:i!:f-i-r~~ft~-tt~ = e:-c~l~€= ~n~ cl' 
-) o r'J -1 Jv A~fi::~O)~~'i, ~1*;6' t?~-f*~O):@:f~rO)JJ<:iff$1iJ~Itl G" 
:11 f~r 0) f$ JJJ ;6\ r; -1 ; 11 A ': J: "? -c rm t~ 0) t:i:Am 0) Fs~ t.:.· t 1 -c tJ. < " fl 0) ~ ~ ~x. -c 
€::::. 01~~ C:~X.~.~u=~~o !:f:l~C:1ti:Jll (1992) ,i, "t:£%JO):i1§fl::iJ\:ilf-irO) 
h 'i c·O)~ft~ c~~m) -c,i, :ilf-i-rO)~ft':t~~~~ -c Gh\€ = 0 tJ. ~' e: ~ 
:h -c~ t::.o ~~~~'if) -JO -c § ;t'i'.:f--O):tJ~ F~:it~ 'C'~ ~0 rr~ r~:@~ \ 
':~;b G 9, ~ ~lv C: Gt::.>c~tJ"-c~ ~ PJ~~tt'i~R 0 tJ. < f~~ 'o = :h~:~-J G -c" 
:ittfi:r~:;]!J~r'J-1 JvA~J5A ~ J-:'" cfJ~~''i ~5 /A~'//'i" fJ-Jt:JO) 
m~~~'::+§~9 ~0 w~~~~f!Jffl9n,i·" 9-c,:cb ~:x•':,guO)•~~>c 
~~iillh-:16{;' (-Ji lJ .§IJO):ilf~r~~t>:t6t;')::::. ciJ\c·~ ~0 ~1ti-::?g:t-r,J:-c" 
:: O)J: -s tJ.JJJ < :111~-rO)fJ=t£, .-c G-c-'fO):;]!lf~t::. ~O)I~tti-~~tl'i.tJ 0 
fJ.l ,t.:_· 0-) 0 " C:~tj ~ 0 .if G '"[, -1J-c, Eldredge and Gould (1972) 0) "t!IT~ 
-129-
J:Jf ... rm < ~ftffi-9 ~ 0 Gil\ G ... t¥JT~3fitim~~=f3~ \-c~1t.:l.r~mMrs, ~~®~ ~ c ~' 
"? -c ~-- ~ BB:il:f~~a9~:J!n,±+?t "*Mr~ .. clJ. tJ1t~ G ... ~~IO'~Mr~~ 
1t. G tJ ~ \:ffl, ~ ~~ rMl G -ct ... ~5£ 1t.~tR~~ffi I*J O)~~O)f?fjl~: Fr&ifliO\~ ~ ~ c 
iJ\ ~ ... ~ftmO)rL~iJ\ ~maA-r'~~ c ~ n -c ~ \~ o ~ t~ ... ~~ c G -c ~ 1Vf~~ 
rr-5 1: C'&~::lr-J "~ O)OJ 3!1J" e: G -c t~XJrctJ: ~ \A,!f9:ii§1t.~ ((PIES, 1989) 
~ ... ~me G-c~~t±1-90J~i~:9}C'~~o ~10\~: ... T7-1 Jv.A~~J:~:il:f~-=f0)7J< 
:if~!ft/J~i r3 MWl' ~m~~=;g~-c =f3 lJ ... ~1t.~:~fg~lg.:.t. -c~ ,~ PJ;mtt ~ ~ ~ o 
GiJ\G ... ~ tL'iT7-1 Jv.A~:~~~n~113±~:c"?-c~M~t~OJ~o-l?.A c G-c 
~ ;.t ~ ~ c iJ\-c· ~ ~ ~ 0) '""( ~ ~ o ~ t~... T7 -1 Jv.A § f*,i... § ~ OJ:i!f~-=f ;Q\fl~ 
~n -c~ \ < t~66~:~-@-i0'~ '~ ,J: -5 ~~~1t. G -c~ t~ c~:Z. ~h~o 
Disease ... Mechanical Genome Incompatibility... Genome Resetting 0)3-J~fN:/J' G t::.o 
~G ... !%~ ~ nt~f!Mf*~IO\ ... ftBOJMf*~'""C~~ ~ n -c ~ \~ ~~~-=f~~ "? t~ lJ ... 
JiJ ~ ~ \'±!11~-r'~ tJ:tJ\ "? t~ lJ -t ~ e: ... ~ O)~~!tQ-r~~m-t ~~gttt~x < ~ e: 
~= tJ: ~ iJ\ ~ Gn tJ: ~ 'o ;c OJ~-@-... liliJMf*~O)f!Mf*IO' xJiC.-9 ~ c... "'C OJ-=f c:· ~ ~= 
~~ ... ~131*~~ ... :f:iSJ~tJ~~?t~~ ~ ~ \'i:ftatJ c':ftM~~:ff!JtJJJ~IO\tlj 
m-t -"5 PJ;mttiO\~ ~ 0 ~OJ J: -s tJ: ... 3t@c~&:9l~• ~11i:lr-t ~ J: -s tJ?t-1-~:ti 
~~~ ~ n t~ b OJC' ~ ~ 0 !f.Y~ OJ~~OJ-t; L@c.~u OJflr~~~O)~ < ~i ... &JJ. 
@c.~u 0) :1 c:- ~-- ~~@c.~u ... t¥1±'!imOJ:ii~ \ ~= rn *-9 ~ ~ e: ;0\~ ~n -c~, ~ 
- 1 3 0-
(Flavell, 1982) o ~OJ J: -5 tJ&tlrJicJUOJ~1t.i6\fi)t1t.!WOJfm1f*~OJr~-cg~-:> t~ 
c9 ~ 0 ;c OJ~it ... liliJMf*miJ\3tfJic G -c t~~f*OJ xt-@- ... ~17-~:.t. ... ?tWC c ~' 
-:> t~ ~o -t? .AiJ' tt!L ~ n ... -r c:· ~ il't:t ~ n tJ: ~ \ e: ~ \ -:> t~JJ:trni6\t£ 0 ~ or~ttiJ\ 
Genome Resetting ~i ... $J1IW~-=f c G -c~ < fl~OJ&tlWC.~J0)1ftti c :fiK£-Wc~IJO) 
~1t.tJ\ ... ~t=t~~~=~v ~:ilf~-J-O)m~1i~~~:.t. -c G ~ ~ \._ !f.f~OJfm11*~~ 
ftBO)@Jf*~ c'i!:tM~PJfif;l:~!i!Ht:J~: t~b "? t~ t 0)~:~1t.~1t~ J: -5 tJ!:t~ 
!W~~tlflOJ~ e:~ 8 -5 o 
J;!J:OJ ~ ,-g·nOJtl~~==f3~, -ct ... &tl@c~!JiJ\t:t1l]~~OJ11i:lr~:*~ tJ~~J 
~*t::.G-c~,~~ c~i~'-5 ~C'~tJ:~\0 ;c.::"(:lf~'fvf~-c'i ... m;fffi?t1t.iJ\~f.f 
r:FO)m~~' < -JiJ'OJ~JJ?HI~-3-h- ... t:EM~P8~~~~-g ~!:E~~a91Vf~i6':ii§lv-c~' 
~ ~iflJ :/9 .. /\/<f-~O)fl~±tJ:xt~c G-c ... &tl@C.~IJOJW¥~ff~rr-:>t.:o 2~3 
;m 0)/\/< -rib,~ llt • ~ n t.:4t~~OJ;WE~u~& 1J[@c.~u 'i ... l)fl!f.f~ a9 C' JiJ ~ ... 
z)AT IJ '/ -TtJ: WcJUmnt~ e: ~ ... 3)1i~ ,~= J: < 1w.t~£*-=z..-=- '/ ~ OJ~-1 x·~~-t 
tJ: c:· OJ!f.f~ ~~ "? -c ~ 't::.o .::. OJ J: -5 ':{W.:ii-:> t~@c~U mnt c~=*-=z..-=- '/ r OJ~ -1 
x·~~Tfi*f~a9tJ&tlWC.~rHi ... /\/<7-~0J~?t1t.OJ~~ c.tJ:-:> -c~t.: PJ;mtt 
;O\J;J ~0 9 tJ:o~ ... /\;<7-~,i ... oc~wc.~u~~1r.~ 11:~.::. c-cft?t1t.~~nt G 
~:WMUff.J£rt!~ti~ \-c~ \~ o GiJ\ GtJ:iJ~ ~ ... J:§t.OJ oc~@c~IHi c'h tfl?t1t.~ 
%7 Gt.:fl OJ t OJ'""CJ;) ~ t~fh ... fl5t1t.~~~~1t. Gt.: ... -ttJb~ft?t1t.OJfffi*~: 
-g~·tJ:~'c O)fJ:t*IJ~~n1~tJ~'o J:"?-c ... ~OJ1&m~nWE-t~t.:fh~:,i ... mt£ 
ti?t1t.il'~rrr:FOJftOJoctlWc~IJ OJ1¥HR~1T~ ' ... &1J[@C.~IJOJ~1t.IO\!:f.M~P8~ em 
1t~:ff.EU:-J ~ \-c ~ ,~ ~ e: ~~~ Et-n:llft~t ~ £,~;6\ JiJ ~ o ;c.::. -c ... *±*i¥11~ 
-13 1-
:@;{_ .:5.:. c -c·JJIJ~~=5t1t L,···:y:> ~ .:5-=-* / t--7i l) ::;,; 7''/'-.F\f-())-{ J T~frntl c 
~~~~/~~Y~~fi(})OC~~~(})fi*~ff~~o 
m;tR~ff~t.:~j!Jru&«Wcj!Jc·~.:5pYS77 ~ IJ-~i ... ttl;(}) t--7i 1J ~7··~, 
1\=j-~O)&~Wcj!J c 1RJ C < .. AT 1) "J =J-fJ.-. 270 bplm~O)£*.:L=- "J l'- ~: J: ~ -c 
~nx~tL-cl"t.:o pYS77 ~ IJ-,i::;,;~7i~7~'~"1- .. ~-7~7-·1 '~'~1-~=tif 
.1f G t.::b\._ 1W1!f~i:91-®*~~~~f*C''i=-* / I-- tf 1J ::;,; y·/,1\f- c ~JJU C'~ fJ. 
t"IPJJfrH1c·~.:5.:. e: .. ~1lr~=i:>,7.:51¥.1fm,i1n:i66-c~:m-r:~~.:: c~*x.ntr ... 
~'i lJ t1!f.f~t£0)~sH "oc~Wcj!JC'~ -:J t.:o 
-=-* / t--7f IJ ~ 7··;,;\f--r: .. ~~t~!f.f~89tJ.&~~cj!J7J\:11§1t G--=>--=> ~ ~.:: 
c~ffl-:Jf.:O),i.,. f~~())~J!C'~-:Jt.:o -=-*/ f--fvi'IJ :::,;7··1 ' 1 "1-(})--f J 7~~ 
t1 ... ~ ::_,;jf :::,;71'-1\f-.,. ~ -7 ~7'';,;\f- O)Jf J L.DNAO)EcoRI1~1t!fm~pYS7 
7 ~ IJ -ltfT Jl cl'--17" IJ 7··-1 ;( ~ -ttt.:B=.f .. -1ijwJ;tJ..:: c ~:~7)\-:> l "t.:o -1 J -T~ 
~fl-r:,i ... f{:BO)I'-1<-r-c·,iJ!GntJ.t" .. £-*.:L-=-'/ t-- (270 bp) J:: lJ!J\~tJ., 7 
-1-r-1 < / ~-:/J\~ te ~ n t.: (}) -r: ~ ~ (g}3-3-7) 0 .:: (}) 7 -1-r- /'~ / ~- 'i ~ ~ ~ 
~ / ~::;,; 7·· ~Jrnt~-r t ~ te ~ h t.:l)\.._ -1 J -T~~~ (})1 < / ~- c 'i~WJ; ': -!t -1 ::z:: 
fJ\Jf;JJ.-:J'"Cl'\f.:o TfJ.b-1?-.-{ JT~~fiJ:lJ ~~ ~~/~~~~(})/'~/ ~-0) 
:!JiJ'20 bp~9ifiJ" -:J t.:o ;c-.:. -c· .. ..-c-n-t'h0)~~~7J" G 7-1-J--;\' / F~ 7 o-
.=. /7'' G-. ji~~[.jlj#(}E~fi -:J f.:o JC())*fi~, -{ J T~~~C',ipYS7 7 ~ I) 
-())£*.:1..:::. ,1 r- 0)5'1IliJ166 bp~£*.:t-=- '/ r- c9 ~t~rt.:tJ&tiWcjiJtJ\.,. 1 t.: 
~ ~ ~ ~ / ~::;,; 7--~~~-r:,i3'1JIIJ146 bp~£*.:t-=- '/ t-- c9 ~.:: n i t.:JJIJ())tJT 
t.: tJ.&~WcjiJ7J'*n.t~ n -:>-:>~ ~.:: c1J'71-:b" -:J t.: (g}3-3-s, 9) o [llij~t=J~~O)tff 
Gt "oc~WcjiJ())£-*.:L.::. '>' r Fs9 ~=~~66 Gt1.:520 bp(})--!t-1 ;(()):@l "~i ... -iT-if /fi 
*R~= i:>tt ~ 7 -1-r-~" / r:·())$1!Jlt())ill "~ J!*~=mf!f3 0 -c t "~ o 
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~~~:~jlj ru (}) &:fiWcjiJ 'i~1t89 ~: 9=t ~"C', f{:B(})DNA{jJi~ ~:lt« 't"1u:i 66 -c 
~ < W21t-r: ~.:50 G t.::IJ' ~-c.. [ilij~frn~'i .-cn .. en '=!f.f~89tJ.&:fi~j'J ~ lt~ 
Et:J~B=.frs~(}) -5 i?~=~1t±t~i2:-tt.:5 OJ~fi"/J\~~0 ~~-- -1 J -T~~tlc ~ ~ ~ 
~ / ~ ~ 7·· ~~~-r?flr 0 < *P.t 2: n -:>-:>~ -3 &«Wc~!JO) :;S: Et:J · JtEt:JtJ.Wi1t e: ... 
.-cn~:f$-5 ~~@J~jfftt-a66t.:~~. ~~~~~{tc ())~:@~ililfpj\G-cl" <.:. e: 
-r: .. ~j!Jru&il~cjiJO):f1§1t:/J\;,;\f-~O)fi7t1t~=~ t.:-t~~J7J'sJ3 G tJ"~= tJ. .:5 -r: 
~ 0 -s 0 .:. .:. -r:~~tJ.:: c ,i.,. ~~O)f!/F Gt.:/'-/"' =J-~()):fi7t1t'=~-t :5-f&m 
'i~WEOJ~~ C'~ -3 c t "-5 .~C' ~.:5o ~illFPJ~fJ.ilZm~t£~-9 -3.:: c ,i.,. fl-~0) 
c'0)7t!fc· ta t~*~tJ..:: e: -c-~ -3 o lli:/J"~= ... .:: (})ilZm~~W£9 -3 ': 'i~r~ 
iJ'iJ"fJ" -3 t::..· 0 -5o G:IJ" G .. ..-en 'i::k~ fJ. .AT-JvC':ii§fT G-:>-:>~ :5 ~!fm~1t~ 
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GGACCTGGAA TATGGCGAGA AAACTGAAAA TCACGGAAAA TGAGAAATAC ACACTTTAGG ACGTGAAATA TGGCGAGGAA AACTGAAAAA GGTGGAAAAT TTAGAAATGT CCACTGTA 
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GGACGTGGAA TATGGCAAGA AAACTGAAAA TCATGGAAAA TGAGAAACAT CCACTTGACG ACTTGAAAAA TGACGAA-AT CACTAAAAAA CGTGAAAAAT - GAGAAATGC ACACTGAA 
130 140 150 160 170 180 190 200 210 220 230 240 
1814-4 """:?r'J~;;{:J-tr--if771' I--OJ~:i.$:.::J.=·:~ 1--(234 bp)(;!Zi~OJ1/Uit:i.$:.::J.=·:~ 1--(117 bp)1.J'E>""C~""C~'.Q. 
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10 20 30 40 50 60 
GGACcTGGAA TATGGCGAG- AAAACTGAAA ATCACGGAAA ATG-AGAAAT ACACACTTTA 
70 80 90 100 110 120 
GGACGTGAAA TATGGCGAGG AAAACTGAAA AAGGTGGAAA ATTTAGAAAT GTCCACTGTA 
130 140 150 160 170 180 
GGACGTGGAA TATGGCAAG- AAAACTGAAA ATCATGGAAA ATG-AGAAAc ATCCACTTGA 
190 200 210 220 230 240 
cGACrTGAAA AATGACGAA- ArcACTAAAA AACGTGAAAA ATG-AGAAAT GCACACTGAA 
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a1 GGACCTGGAATATGGCGAGAA AACTGAA 
.81 AATCACGGAAAATGA GAAATACACACTTTA 
a2 GGACGTGAAATATGGCGAGAGA AACTGAA 
.82 A A A G G T G G A A A AT T TAG A A AT G T C C ACT GAT 
a3 GGACGTGGAATATGGCAAGAA AACTGAA 
.83 AATCATGGAAAATGA GAAACATCCACTTGA 
a4 CGACTTGAAAAATGACGAAAT CACTAAA 
/5'4 AAACGTGAAAAATGA GAAATGCACACTGAA 
:J/iz/-ifA AAACGTGAAAAATGA GAAAT CACTGAA 
~4-6 ? rJ A :f. :J "\' - -if 7 5 1 ~ 0) 1 I 8 ~ * .l = ·y ~ ~ M r( G t , 
1 I 4 ~ * .l = ''J ~ tl a t P' 1Y 6 PX; -:J l \, \ G Z.. t tJ-r b fJl G 0 
:J :.-- -tz :.---if A ~~u 't -t: n .7i n O)'fTI: ii t: :a :t ~~Jt t: 3Jl n Q m£ C'~ -t 0 
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1----------------, Saltatory11~ 
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C0~A 3m£0~A 
a (28 bp) f3 (30 bp) 
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1/1- D/3 ..__ 
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AUG ~!I::::J I'"/ 
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~ 
66kDa9 / '"? Jt 
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88kDa9 / J'\? ~ 
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1.&tl~/t[:J: .Q51lf!i 
a)~/t&tlC10 5 tJJ:.) -+f771' ~DNA, Alu/B1 "J 7 ~ IJ-
b)~/t&il(10 2 "'10 5 ) Kpnl "J 7 ~ 1) -, Z-DNA~91J 
c)~/t&ilC10 2 tJ'"f) ~=-+f771' ~DNA, Hinf"J7 ~ 1)-
2.&tl~it[:J: ~51~ 
a)~91J~(tandem repeat) -+f771' ~~~911 
b)~:t£~(interspersed repeat) v ~ 0~'.//(LINE, SINE), fiif~~-7-
3.&1l~{QO)~~~:J: ~51~ 
a)!fi~&il a--+f-7"71 ~DNA 
b)direct repeat ~f~[!J-J-, v ~ o~'.//, "jory1' Jv.A 
C)inverted repeat FB(fold-back)~-J-
4.~1HR91J · ~~ffl.P.ti:J: .Q?J-lf!i 
a)~ 1) -jl) /. ~ IJ ~ l) ~ ::J/sc91J (G)n, (GA)n, (GAA)n, (A)n 
b)Z-DNAfR91J (TG)n, (CG)n, (m 5 CG)n 
c)~ATsc91J 7 7 = / c 7- ~ / tJ~~Jtr:teJJt 
d) CpG is land :/ 5Z.? v :;t 7- t: CpGtJ<~~Jll:lli!Jt 
a) "-7" D? D? =J- /~ -+f-T 71' ~DNA, Z-DNA~91J, SINE, 
CpG island 
b) .:t-? D? =J- / ~ ~ATliC91J. LINE 
c)~/~ D)l7 • 7-D)l7~ 7Jv"J~1 t:DNA(~/ ~ D)£7), 
7 D )l 7lil91J. ~ = -t;t 7 71' ~ ( 7 D)£ 7 ili~) 
d)~~-f*~~l'tllJC91J 7Jv"J;;t1' t:DNA(1, 11, 17, X) 
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